The demand of human beings for water resources is growing strongly, causing more and more shortages of water resources. In this paper, focusing on Liupanshui city, a typical karst area, the ecological footprint and ecological carrying capacity models of water resources were established in Liupanshui city from the perspectives of the water consumption account of living, production, and ecology based on the ecological footprint theory, to estimate the ecological footprint of water resources and the ecological carrying capacity. On this basis, a variety of evaluation indicators was utilized to analyze the sustainable utilization of water resources in Liupanshui city. The results showed that water resources in this area belong to ecological surplus, while the utilization of water resources has been in a sustainable state as a whole. However, there have been great variations in the carrying capacity of water resources over different years. At the same time, the ecological water consumption and the footprint of 10,000 yuan GDP water resources are at low levels, indicating that the current water consumption ratio is not conducive to the improvement of the ecological environment. Moreover, further improvements in the efficiency of water consumption are needed.
INTRODUCTION
As an important natural resource, water resource plays an irreplaceable role in human life, production activities, and maintaining the ecological environment. However, water resource scarcity has become a global issue with population and economic growth. Thus, achieving the sustainable utilization of water resources has become one of the important factors in promoting social and economic development (Haider et Thus, many scholars have studied in this field. For example, Vieira () proposed that the potential amount of water, the amount usable, and water demand be compared in each basin to determine the availability indicators of water. Bossel () conducted a study on the sustainable development and utilization of water resources and established an indicator system for the sustainable utilization of regional water resources to quantitatively calculate five basic directional indicators of subsistence, efficiency, freedom, safety and co-existence of water resource, social, economic and environmental subsystems. Rao () utilized a combination of remote sensing and geographic information system (GIS) to evaluate the sustainable development and utilization of land resources and water resources, and also considered that the essence of evaluating a complete and systematic sustainable development and utilization is to make a multi-objective, effective and risk analysis without considering the basic policy. Jay () from South Africa pointed out that indicators of sustainable development for decision-making are difficult to measure when evaluating the interaction relationship between different basin development and resource management actions, whereas the DPSIR (Driving Forces Pressure State Impact Response) indicator framework is useful for identifying and developing indicators of sustainable development in the basin management. Hoekstra () proposed a concept of water footprint that can evaluate human consumption of water resources from the perspective of water consumption.
A link between resources and consumption was established to utilize the concept of an ecological footprint to the accounting of water resources. In addition, the theory of an ecological footprint was first put forward by Rees () as a method of measuring humanity's utilization of natural resources and the ecological supporting capacity provided by nature, which is also one of the quantitative methods for measuring ecological sustainable development. The sustainable use of water resources based on the ecological footprint model features a specific image of the concept, an easy and convenient method and convenient comparison among areas, which is one of the most regarded evaluation methods for sustainable development. At present, studies on the ecological footprint of water resources mainly focus on arid and semi-arid areas, but few of which have been conducted on karst areas, especially on the karst mountain areas (Wu et al. ) . 
Data and methods

Data sources
Data on the development and utilization of water resources in the study area was obtained according to the 'Liupanshui etc. Then, the data were collated and Table 1 was obtained.
Study methods
(1) The ecological footprint model of water resources: The purpose of calculating the ecological footprint of water resource is to convert the amount of water resources consumed into land used for water resources, and obtain equilibrium values that can be used for comparison between different regions of the globe (Hoekstra ). The formula can be expressed as:
where, EF w is the ecological footprint of water resources 
where, EF pw is the ecological footprint of water for pro- (2) The model of water resources carrying capacity: The carrying capacity of water resources refers to the maximum sustainable utilization of water resources provided for the economic, environmental, and social development of a region within a specific period of development in a region (Zhang et al. ) , whose formula can be expressed as:
where, EC is water resources carrying capacity (hm 2 );
G is water resources carrying capacity per capita (hm 2 /person); ε is regional water resources yield factors;
and Q is yield of water resources (m 3 ).
(3) Indicators evaluating the sustainable utilization of water resources:
(1) Ecological surplus of water resources: The ecological surplus of water resources is used to judge whether the utilization of water resources in the study area is in a stage of sustainable development, represented by ED; that is, the difference between the ecological footprint of water resources per capita and the water resources carrying capacity per capita (Li et al. ) . Its formula can be expressed as: 
RESULTS AND DISCUSSION
According to the ecological footprint models of water resources (Equations (1)- (8) Table 2 .
(1) Analysis of the ecological footprint of water resources: Consumption of ecological water occupies the lowest proportion, and the change of the footprint of water consumption is not obvious, presenting a slightly upward trend as a whole.
(2) Analysis of water resources carrying capacity: Figure 3 illustrates the variation curve of the ecological carrying Table 1 , it can also be found that the variation law of water resource carrying capacity is consistent with that of water resource amount.
(3) Analysis of dynamic indexes of water resources:
(1) Analysis of water resources stress index: The ecological footprint of water resources was divided into three aspects, including water for production, living, and ecological water. The corresponding (2) Analysis of ecological surplus: It can be seen from 
CONCLUSION
In this paper, the ecological footprint was utilized to establish ecological footprint models in Liupanshui city, a typical karst area, to calculate dynamic indexes such as the water resources ecological footprint, water resources carrying capacity, and water resources ecological stress index from 2008 to 2015 in Liupanshui city. Considering population, economy, and utilization status of water resources of the city, the following conclusions can be drawn:
(1) The law of change in rainfall and total water resources was basically the same. At the same time, there was a positive correlation between the total water resources, water resources carrying capacity and ecological surplus, and a negative correlation with the pressure index of water resources. The change in total water resources caused by rainfall played a key role in the sustainability of water resources in Liupanshui city.
(2) From 2008 to 2015, the water resource account per capita in Liupanshui city was in surplus, the water supply was greater than the demand, and the ecological, life, and production water resources pressure index values were all less than 0.5, reflecting that the water resources development and utilization in Liupanshui city was in a safe state as a whole and belonged to the sustainable range.
(3) In the three accounts of the water resources ecological footprint of Liupanshui city from 2008 to 2015, the production water footprint accounted for the largest proportion of the per capita water resources ecological footprint, and the production water consumption was large. In the future, the water use efficiency of industrial water needs to be increased.
The ecological water footprint was the least, and at a low level, which is detrimental to the improvement of the ecological environment. In addition, the interannual change of water resources carrying capacity was large, and sustainability was in a relatively unstable state. 
